The knowledge of specific problems of occupational cancer in Spain is scarce. The environment of the workplace has improved over the last few years after a long period distinguished by bad working conditions, incomplete legislation, and insufficient safety measures and control. It has been estimated that 3,083,479 workers (25.4% of employees) were exposed to carcinogens. The most common occupational exposures to carcinogenic agents were solar radiation, environmental tobacco smoke, silica, and wood dust. The highest number of employees were exposed to silica crystalline (404,729), diesel engine exhaust (274,321), rubber products (99,804), benzene (89,932), ethylene dibromide (81,336), agents used in furniture and cabinet making (72,068), and formaldehyde (71,189). The percentage of total cancer deaths attributed to occupational exposure was 4% (6% in men, 0.9% in women). Compared with other European countries, the incidence of lung cancer and leukemia in Spain are one of the lowest, but it is rapidly increasing. The incidence of urinary bladder and larynx cancer, on the contrary, are one of the highest. Few studies on occupational cancer have been conducted in Spain. The main problems are the availability of death certificates and the quality of the information on occupation in mortality of statistics. It is necessary to improve methods of assessment of exposures using expert hygienists and biologic markers of exposure and diseases. Reduction of cancer by limiting or avoiding exposure to known occupational carcinogens is still necessary. - 
(1); the European Directive (90/394/CEE) concerning protection of workers from risks related to exposure to carcinogens at work, promulgated in 1990, was adopted in Spanish legislation in 1997 (2) .
This article briefly describes the number of subjects exposed to carcinogenic substances in the workplace and presents an estimation of the proportion of cancer attributable to occupational exposure. Also included are the occurrence and trends of cancer types most often associated with occupational exposures, the epidemiologic studies on occupational cancer conducted in Spain, and finally, some reflections on the main problems and challenges for the future.
Number of Subjects Exposed to Carcinogenic Substances at Work
Registration of recognized carcinogens in the workplace is not being carried out in Spain. Accurate information on the number of exposed subjects is not available, but recently (3) , using the International Information System on Occupational Exposure to Carcinogens (CAREX), an estimation was made. According to this estimation, there were 12,162,830 employees between 1991 and 1993 in Spain; 3,083,479 (25.4%) of those employees were exposed to agents that are or could be carcinogenic in humans. The most important industries were construction (677,449 exposed workers) and agriculture (357, 740) , and the most common occupational exposures to carcinogenic agents were solar radiation, environmental tobacco smoke, silica, and wood dust.
The number of employees exposed to agents present in industrial processes and occupations, which have been classified by the International Agency for Research on Cancer (IARC) (4) into Group 1 (human carcinogens) and Group 2A (probable human carcinogens) according to estimations given by Garcia and Kogevinas (5) and by the CAREX system (3) , is shown in Table 1 .
The highest number of employees were exposed to silica crystalline (404,729), diesel engine exhaust (274,321), rubber products (99,804), benzene (89,932), ethylene dibromide (81,336), agents used in furniture and cabinet making (72,068), and formaldehyde (71,189).
Asbestos is considered to be the most important occupational carcinogen in Europe, even though its use is decreasing (6) . The decrease of domestic consumption of asbestos in Spain is very evident. The importation of asbestos was 112,522 tons in 1973 (7) , and decreased to 39,609 tons in 1990 (8) . The permitted exposure level to asbestos was fixed at 1 fiber per milliliter air (f/ml) or less in 1984 and the industrial use of blue asbestos was prohibited in 1987 (7, 8) .
There was also a decrease in the number of enterprises using asbestos and in the number of exposed workers. According to official information (8) , in 1984 there were 56 enterprises and 13,645 exposed workers in Spain, whereas in 1991 there were 48 enterprises and 6048 exposed workers. For the same period, the concentration level of asbestos fibers went down from a mean of 2.4 f/ml to 0.22 f/ml (8) . According to the estimation using the CAREX system (3) the number of employees exposed to asbestos in 1991 to 1993 in Spain was 56,601.
Despite the fact that agriculture is one of the economic activities with the greatest number of exposed workers, as far as we know there is no estimation of the number Almeria alone, which has 20,000 hectares of greenhouses, there were 60,000 workers exposed to pesticides (10) . In the most concentrated covered flower-growing and agricultural production area in Catalonia, in which copious amounts of herbicides and pesticides are used, there were 9551 exposed workers (9) ; 72.8% of the farmworkers had inadequate protection, and 79.3% said they had suffered symptoms related to pesticide use on some occasion (11) . European Union (16) . Specific mortality rates for men rose for all age groups from 1952 to 1986 (17).
Lryngeal Cancer
The estimated incidence rate for laryngeal cancer in men in Spain was 13.1 per 100,000 in 1991. Spain has the highest incidence of laryngeal cancer within the European Union (16) . The male mortality rate shows an exponential rise until 65 years of age. These curves go into a gradual climb from the age of 40 onward (17) . Leukemia The incidence rate of leukemia in males was 7.2 per 100,000 in 1990 (16) . It is one of the lowest in the European Union. However, the trend of mortality from 1952 to 1986 is dearly upward, particularly in the older groups of men. The growing upward trend in Spain is much more pronounced than that seen in England and Wales (similar ranking to Spain) or in Italy (highest mortality) (17) . The increase of mortality rates in Spain could be due to improvement in diagnostic accuracy as well as exposure to chemicals known to cause leukemia.
Nonmelanocytic Skin Cancer
The mortality rate (age standardized) of nonmelanocytic skin cancer in males was 2.03 from 1982 to 1986 (17) . Although mortality fails to reflect the real incidence of skin tumors, trends of age-specific mortality in Spain reflect a special pattern. After an initial decline, they ultimately rise for nearly all age groups (17 1976 and 1992 (19) found a high prevalence of exposure to wood dust, an established risk factor for this tumor, in their working environment.
In relation to farmers exposed to organophosphorus pesticides in greenhouses, no significant decrease in the cholinesterase activity was observed in a small sample of 36 workers in Vizcaya and Guiputzcoa (20) , but signs of poisoning were found in a study in Almeria (10).
Ecologic and Death Certificate Studies
In the first systematic investigation on cancer in the agriculture industry in Spain, L6pez-Abente (21) In a study of socioeconomic differences in mortality in males who died between 30 and 64 years of age in eight provinces with high quality information on occupation in death certificates (23) , the mortality in professionals and managers (group I) was compared with manual laborers (group II). The standardized mortality ratios (SMRs) were higher in group II, except for cancer of the colon and rectum.
In the province of Barcelona, the mortality from pleural mesothelioma, by municipalities, from 1983 to 1990 was studied (18) . The geographic situation of the companies using asbestos in the province was also obtained. The calculation of SMRs for municipalities within the province showed a statistically significant increase in the risk of mesothelioma in two municipalities where there are companies producing asbestos cement.
Finally, a high incidence of thyroid neoplasms, soft-tissue sarcoma, and brain tumors was found in a village in Catalonia located in the vicinity of an organochlorinated compounds factory (24) , which agrees with previously reported associations.
Case-Control Studies
The first published case-control study on occupational cancer in Spain was performed on bladder cancer among workers in the textile industry, in one area of Catalonia with an unusually high mortality rate for bladder cancer (14) . The odds ratio (OR) for past employment in the textile industry was 2.2 and was higher (4.4) for subjects who worked in dyeing or printing and who were most probably exposed to azo dyes.
In a second larger, multicenter case-control study (13) The association between occupational exposure and stomach cancer in Spain was investigated in a multicenter case-control study conducted in areas of Catalonia, Aragon, Castilia, and Galicia (25) . An increased risk (adjusted for socioprofessional status and dietary habits) was found for coal mining workers (OR = 11.8), but the number of exposed workers was small (95% CL= 1.4-103 ). An increased risk was also observed for wood and furniture workers, construction workers, and glass and ceramic workers, but none of these risks were statistically significant. Taking into account all the occupations with potential exposure to different kinds of industrial dust (organic and inorganic dust) according to an occupational exposure linkage system, an increased risk of gastric cancer was found for occupations associated with exposure to silica and mineral dust (OR = 1.8; 95% CL= 0 9-3.6) (25) .
The association between occupational exposure and laryngeal cancer was investigated in a small case-control study carried out in Madrid (26) . An increased risk was found for woodworkers and furniture workers. The ORs for exposed workers who had worked in the industry for over 20 years were 5.6 (95% CL =1.2-26.6) and 6.7 (95% CL =1.1-42.6), respectively.
Finally, two case-control studies have been carried out in Spain to assess the influence of sun exposure. In a study in Valencia (27) , open-air occupational activities were associated with an increased risk of nonmelanoma skin cancer; in another study in Granada (28), a statistically significant and positive trend was observed between the risk of cutaneous malignant melanoma and occupational sun exposure of the skin.
Cohort Studies
We were able to identify only two published cohort studies focusing on occupational exposure and cancer. One was conducted among workers in the pulp and paper industry in Catalonia (29) . In a historic cohort using job histories and a company exposure questionnaire to assess the level of exposure, the SMR observed for all malignant neoplasms was 0.9 (95% 276 CL = 0.7-1.2). Excess risk was observed in females for mortality from all neoplasms (SMR= 1.7; 95% CL= 0.8-3.0) and breast cancer (SMR = 2.9; 95% CL= 0.8-7.3), and for large intestine cancer in both sexes (SMR= 2.9; 95% CL= 1.2-5.3).
The other retrospective cohort study (30) There are two problems in the field of occupational cancer: risk identification and risk management. Regarding risk identification, it is clear that Spain is one of the developed countries that has had a possible decrease in the rate of identification of new occupational carcinogens (32) . Several changes have occurred over the last few years; chemical agents have been substituted and industrial processes have changed. Lower doses of exposure and new employment conditions where workers perform multiple tasks make it more difficult today to determine a close correspondence between a specific job exposure and a job title (31) .
Future research in the identification of risk should be directed toward exposures without enough evidence in humans but with sufficient evidence in animals (IARC Preventive measures for managing risk of occupational cancer in Spain are still insufficient. Reduction of cancer by limiting or avoiding exposure to known occupational carcinogens is still necessary. Protection of workers from the risk related to exposure to carcinogens remains the most effective way of controlling occupational cancer.
